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Ligh^- Source an^. Ttoicctor Provided with Th!^ L^ght Source 



«. — ^ 

' TuUiulual > Field ^^X^ 

The present invention relates to a light source having a la m^-^ 
such as a high-pressure mercury lamp or a metal halide lamp, and a 
projector provided with this light source. 

^ —r- — ~ 

Gerreratiy,* projector includes an illuminating optical system 
having a light source which emits an illumination light, an electro- 
optic modulator which modulates the illumination light from this 
illuminating optical system according to image signals, and a 
projecting optical system which projects and displays, the light 
modulated by this electro-optic modulator as a display image on a 
screen. 

0- 

For such "b4%^ projector, it is required* that the projected 
image (display image) i^light,f luminous intensity of the illumination 



high, and /color balance good. 



light 

Therefore, in order to obtain «^ higher luminous intensity, 
illxaminating optical, system f provided with a light source having a 
high-pressure mercury lamp combined . with a concave mirror (reflector)^ 
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Furthrr, in order to obtain better color balance, a^T^ ^ 



illiuninating optical system^provided with a light source having a 
. metal halide lamp iwA bttitn algra wgod i 

In . the light source of t4**« kindS of illuminating optical 
systertF, a luminous tube (vitreous silica tube) of the lamp may burst 
due to the increase of vapor pressure during lighting. Therefore, the 
lamp is arranged in a sealed space (reflector in which an opening part 
is covered with a transparent glass plate prevent scatteri>^^ 

of the broken pieces of the lamp to the outside caused by a burst of 
the luminous tube. 

However, in such ^Se^ structure (sealed structure), heat 

generation of the lamp makes the temperature inside the sealed spa<:e 
txs ^ 

high. result, the lamp enters the excessively heated state, which 

r 

shortens Jf lifetawe of the lamp, i ,l>- * 

Therefore, in order tof prevent Scatter of the broken pieces of 
the lamp to the outside, and to^ clung a re the life timo of the lamp, a 

^^^^^ 

light source )iao btien pvopocod L in JP-A-10-254061, in which a permeable 
port is provided in a defined wall (reflector etc.) in which the lamp 
is housed, and "&xi^ a mesh ad to cover^^^'^his peinneable port is 
attached. 

n^o^i^ciirp r^f the Invention .^^jJ^-W^ ^^^^ OS*^ 

However, i n rn ii ii i ii t i r n^ l light sources/^a mesh haviM^ ^ 
comparatively low opening rate (opening rate: 58% or less)^ hw — b oon 
Therefore, good cooling effect and ventilation efficiency 
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cannot be obtained. ^ result, heat density of the lamp^ becomes high, 
so that there has been a problem that not onl ^ high luminance and size 
reduction iih^h yeecnt 1 nr^p^ niiniln- cannot be met^ bat al^riT &l - jiigatio n V^VaJ^ 
Gk£ the lifetime - of the lamp cannot be realized. 

Further, though it ia- thought that a mesh having/ coitqparatively 
high opening rate i^^used, Strength of the mesh lowers in this case. 
Therefore, there is a problem that the mesh is broken off by collision 
with scattered glass pieces when the lamp has burst. Therefore, 
mesh having Ua^^omparatively high opening rate cannot be used^ 



On the other hand, ^ . i.5 — thought te ttSTt by increasing the 
blowing amount to the lamp by a cooling fan, the cooling effect and 
the ventilation efficiency are heightened, %li/'high luminance and ^ 
size reduction wha^h — fe**e — recent lamps r equire are met, and feh^ 
^^„^^-,^A r.4r i-Hr. L U<^ Iraacr is realized. However, in this 

case, the number of revolutions of the cooling fan increases, so that 
there is a problem that noises made iJi the fan drivid^ timo b^ome 



high. i\hrO^ 



The invention hM — bo>»<r modo — i<i ordo c — to solve wasfer- the ^ "^^^^^ 



tochnical problems, and i^ L ij- i i l i j ^ \ liM inwpnl i*>u to " provide a 

light source and a projector provided with this light source, in which 
tJife high luminance and t5ijfe size reduction which ^Lliy lyuyirt lamps 
ri3 quire can be met, thu ultijiiyaLluif --.Q£^^frbe lifetime osC Lliy lamp can be 
realized, and the noises from the cooling fan can be reduced. 
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A light source according to the invention^ includio^ a concave 
mirror which hais a reflecting part that reflects the light, a non- 
reflecting part adjoining to the reflecting part, and a permeable port 
passing through the non-reflecting part, and which opens forward; a 
lamp which is arranged in the concave mirror and emits the light; and 
a light permeable member which is arranged forward of the lamp and 
covers the opening part of the concave mirror, ic charnnt nri 7pri - in* 
4jhat the concave mirror includes a mesh agrangod in q pcijition where . 

covers the permeable port; and a protective wall f^^^^^otect>^g the 
mesh, which is arranged in a position wJaer^ direct collision between 
the mesh and broken pieces of the lamp mado by a 'bui ' Jt of the lamp *9hb^ 



According to the light source of the invention, even in case 
that the broken pieces of the lamp scatter toward the mesh due to the 
burst? of the lamp, the protective wall receives these broken pieces of 
the lamp, so that Clfa. direct collision of the broken pieces of the 
lamp with the mesh is avoided. 

Accordingly, the mesh having t^re comparatively high OF>ening 
rate can be used, so that tte^ good cooling effect and ventilation 



efficiency can.be obtained in the concave mirror. ^^^if^*" 
■ Hereby ^ ^lie heat density of the lamp can be made low, teb^high 

luminance and tVug size reduction v^ hioh'^ t he rocQnt lamps i f^quiL -e- can be 

met, and Lln. clui^uLluu ul Lire, lifetime of the lamp can be realized. 

Further, by a cquiromon t ©f — fetee good cooling effect and 

ventilation efficiency, it does not become necessary to increase the 
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blowing amount to the lamp by the cooling fan^ so that the number of 
revolutions of the cooling fan can be reduced, and the noise made by 
the cooling fan can^^e reduced. 

In the light source of the invention, it is preferable that 
the protective wall is arranged, in the permeable port, in a portion 
where the mesh and an extension line of an imaginary line connecting a 
center part of the lamp and an opening edge near the lamp of the 
permeable port intersect, or on the opening edge side near the lan^ of 
the above portion. ^ 

By this constitution, even i n oaoc tha^ the broken pieces of 
the lamp scatter along the imaginary line connecting the center of the 
lamp and the opening edge near the lamp of the permeable port, these 
broken pieces of the lamp are received by a back surface of the 
protective wall, so that t>i^ collision of the broken pieces, of the 
lamp with the mesh is prevented. 

Further, in the light source of the invention,, it is 
preferable that the protective wall is arranged in a position where 
the direct collision between the mesh and the lamp broken pieces that 
have bounced by the collision with the light permeable member is 
prevented, 

By this constitution, even iw/Catlii Lliab the lamp broken pieces 
are bounced by the collision with the light permeable member due to 
the burst of the lamp, these broken pieces of the lamp are received by 
the protective wall, so that "fctjl^ direct collision of the broken pieces 
of the lamp with the mesh is prevented. 
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Further, it is preferable that the protective wall is 
arranged, in the permeable port, in a portion where the mesh and a 
third imaginary line that is line-symmetrical about a second imaginary 
line connecting the center part of the lamp and a position, on the 
back surface of the light permeable member, which is distant from the 
mesh surface by a half length of a total length of the protective wall 
intersect; or on the light permeable member side of the above portion. 
Here, ''line" of line-symmetry means "an imaginary line on the same 
plane as the second imaginary line and the third imaginary line, which 
is a normal line passing an intersection point, on the back surface of 
the light permeable member, of the. second imaginary line and the third 
imaginary line" . 




the lamp scatter along the second imaginary line connecting the center 
part of the lamp and the position, on the back surface of the light 
permeablfe member, which is distant from the mesh surface by the half 
length of the total length of the protective wall, collide with the 
light permeable member, and bound along the third imaginary line, 
these broken pieces of the lamp are received by a front surfa-ce of the 
protective wall, so that collision of the broken pieces of the 

lamp with the mesh is prevented. 

Further, in the light source of the invention, it is 
preferable that the concave mirror ^las^furth^ an auxiliary protective 
wall ^«f^^otecea^ the mesh. 
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By this constitution/ the auxiliary protective wall receives 
the broken pieces of the lamp ^scatter^^ by the burst of the lamp^ 



*^ thereby 0^ protect the mesh more effectively. 

Further, it is preferable that the auxiliary protective wall 
is arranged in a position where direct collision betw^efKthe mesh 

and the broken pieces of the lamp /scatter*^ by the burst &f the lamp 
is prevented. 

By this constitution, even in oaoo th e f ^ thp->broken pieces of 




the lamp scatter toward the mesh by the burst op/ the lamp, the 
auxiliary protective wall receives these broken pieces of the lamp, 
whereby t!l^ direct collision of the broken pieces of the lamp with the 
mesh is prevented. 

Further, it is preferable that the auxiliary protective wall 
-is arranged, in the permeable port, in a portion where the mesh and an 
extension line of a fourth imaginary line connecting the center part 
of the lamp and a leading end of the protective wall intersect, or on 
the protective wall side of the above portion. 

By this constitution, even Ui ease that/ ^ the broken pieces of 
the lamp scatter along the fourth imaginary line connecting the center 
of the lamp and the leading end of the protective wall, these broken 
pieces of the lamp are received by a back surface of the auxiliary 
protective wall, so that t>j)^ collision of the broken pieces of the 
lamp with the mesh is prevented - 

Furthermore, it is preferable that)^ Tiit— the auxiliary 
protective wall/the plural auxiliary protective walls arranged in 



7 



parallel on the light permeable member side of the protective wall; 
and the auxiliary protective wall on the light permeable member side 
is. arranged in a portion where, the mesh and an extension line of a 
fifth imaginary line connecting the center part of the lamp and a 
leading end of the auxiliary protective wall on the protective wall 
side intersect, or on the protective wall side. of the above portion. 

By this constitution, even Hi a )i^r the broken pieces of 

the lamp scatter along the fifth imaginary line connecting the center 
of the lamp and the leading end of the auxiliary protective wall near 
the protective wall, these broken pieces of the lamp are received by a 
back surface of the auxiliary protective wall near the light permeable 
member, so that t^ collision of the broken pieces of the lamp with 
the mesh is prevented. 

Further, it is preferable that the height dimension . of the 
protective wall and the height dimension of the auxiliary protective 
wall are. set to a height dimension by which an emergent ray from the 
lamp is not intercepted. ^ 

By this constitution, even ii» rnsQ thail^the protective wall or 




the mesh, the protective wall or the auxiliary protective 
wall does not intercept the emergent rays, so that a 4»ao influence on 
display quality ^c an be^ eljjninj 

In the light source of the invention, it is preferable that 
the auxiliary protective wall is arranged in a position where 
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direct collision between the mesh and the lamp broken pieces that have 
bounced by the. collision with the light permeable member is prevented. 

By this constitution, . even in rniTi?i fhnlr. the lamp broken pieces 
are bounced by the collision with the light permeable member due to 
the burs^^ the lamp, these broken pieces of the lamp are received by 
the auxiliary protective wall, so that the direct collision of the 
broken pieces of the lamp with the mesh is prevented. 

Further, in the light source of the invention, it is. 
preferable that the auxiliary protective wall is arranged, in the 
permeable port, in a portion where the mesh and a . seventh imaginary 
line that is line -symmetrical about a sixth imaginary line connecting 
the center part of the lamp and a position, on the back surface of the 
light permeable member, which is distant from the mesh surface by a 
half length of a total length of the auxiliary protective wall that is 
closest to the light permeable member intersect; or on the light 
permeable member side of the above portion.. Here, ^^line" of line- 
symmetry means "'an imaginary line on the same plane as the sixth 
imaginary line and the seventh imaginary line, which is a normal line 
passing an intersection point, on the back surface of the light 
permeable member, of the sixth . imaginary line and the seventh 
imaginary line" . 

By this constitution, even in case that the broken pieces of 
the lamp scatter along the sixth imaginary line connecting the center 
part of the lamp and the position, on the back surface of the light 
permeable member, which is distant from the mesh surface by the half 
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length of the total length of the auxiliary protective wall that is 
closest to the light permeable member, collide with the light 
permeable niember, av(a hnnnrr pl^nnj*^ seventh imaginary line, these 
broken pieces of the lampare received by the front surface of the 
auxiliary protective wall, so that/c^ oollision of the broken pieces 




of the lamp with the mesh is prevented. 

In the light source of the invention, it is preferable that 
the protective wall is formed of a rectifying wall which inclines in 
relation to the back surface of the light permeable member. 

By this constitution,, airflow is guided into the concave 
mirror along the protective wall. nuiu.bi|i» POol wind flowing from the 
outside of the concave mT^ror through the permeable port into the 
concave mirror can /^e re^ferlried- 

In the light source of the invention, it is preferable that 
the protective wall is provided integrally for the concave mirror. 



By this constitution, formation of the protective wall "^and 



formation of the concave mirror are simultaneously performed, (^[^^fegeb^^^ 



fcmt>ared with a case in which the protective wall is manufactured 




separately from the concave mirror, a manufacturing cost 
reduced. 

In the light source of the invention, it is preferable that 
the protective wall is provided for the concave mxrror via an 
attachment spacer. 



By this constitution, attachment of the protective wall to the 
concave mirror is performed via the attachment spacer. . tterebyrj /t 
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■ — ' J< 

becc«nes easy to incline the protective wall'^ in relation to the back 
surface of the light permeable member, so that a rectifying function 
can be given to the protective wall- Further, in order to attach' the 



protective wall^to the concave mirror, it is not necessary to newly 
form an attachment pa^J^et^^^j-^ the concave mirror, so that the 
manufacturing coist can be reduced. 

In the light source of the invention, it is preferable that, 
the opening rate a of the mesh is set to a value satisfying 70% ^ a ^. 
90%. 

By this constitution,^ tstif^jy^d cooling effect and ventilation 
efficiency in the concave mirror can be surely obtained. In this 
case, when the opening rate a of the mesh is 70% or more, the desired 
cooling effect and ventilation efficiency can be obtained. On the 
other hand, when the opening rate a of the mesh is 90% or less, 
mechanical strength of the mesh does not eartreme±Tr-ttweJC^ JUij2j<Z^S^r 

In the light source of the invention, it is preferable that 
the. mesh is formed of an etching mesh or a cross mesh. 

By this constitution, in case that the mesh is the etching 
mesh, the manufacturing process is easy; and in case that the mesh is 
the cross mesh, a wire rod is metallized and optimization between the 
wire diameter and the opening rate is attempted, whereby the cross 
mesh can be sufficiently put to practical use. 

In the light source of the invention, it is. preferable that 
the permeable ports are arranged at least on both sides of the concave 



mirror. 
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By this constitution^ airflow from the permeable port on one 
side of the G^ncave mirror toward the permeable port on the other side 
is(1 §ormod ^ 



The light source of the invention is suitable to be used as a 
light source of a projector having an electro-optic modulator which 
modulates the light according to image signals, and a projecting 
optical system which projects and displays the light modulated by the 
electro-optic modulator. 

In case that the light source of the invention is used as the 
light source of this projector, further increase of luminance of the 
projector >dvmade possible. Further, the number of revolutions of the 
cooling f^iv/c'an/redjiced, so that the noise of the cooling fan can be 



reduced. 



Brier uescription or tne urawings ^ 



Fig. 1 is a perspective view showing the % fh e le of " ight 
source according to a first* embodiment J ^^^""^^^^^^^^ 



Fig. 2 is a sectional view showing a m/^th portion of the light 
source according to the first! embodiment^ 

Fig. 3 is an exploded perspective view showing an attachment 
state of a protective wall in the light source according to the first 

I embodiment ^ ^^j^^^t^^^ 
Figs. 4(a) and 4(b) are - plan views showing the whol^ and a 
part of 4^ mesh ^ 
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Fig. 5 is a sectional view showing a ^aaaiiT portion of a light 
source according to a second/embodiment^ 

Fig. 6 is an exploded perspective view showing an attachment 
state of a protective wall and an auxiliary protective wall according 
to the second/embodiment C 

Fig. 7 is a sectional view, showing a main r portion of a light 
source according to a third/embodiment^ ^\sj*«^*^ ^S^***^^/ 
Fig. 8 is a sectional view earpi -ninii^ a fourth ^Lboc^imentl 
Fig. .9 is an exploded perspective view iLiiplainin^ a fifth 
(embodiment r > ^aj 

Fig. 10 is an exploded perspective view eAtilaiiiiai/^ a sixth 
rembodiment\ CXnc^ bia 

Fig. 11 is a plan view showing onef embodiment of a projector 
. of the invention. 



DeaL Modb! lui UdXl ' V-i-a g Uub tne inve nLiOU - 
A. tcmbodiinents of Light Source 



A-l . (Embodiment 1 , . 

Fig. 1 is a perspective view showing the ■^ >hol o a light 

source according to a first 'embodiment of the invention. Fig. 2 is a 
sectional view showing a - 4 1 10 It i portion of the light sour-ce according to 
the first (embodiment . Fig; 3 is an exploded perspective view showing 
an attachment state of a protective wall in the light source according 
to the f irsy embodiment . 
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Figs. 4(a) and 4(b) are enlarged plan views showing the 
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and a part of <^esh in the light source according to the first <2fisa^L<^/ 
embodiment - 

At; shown in Fig. 1, a light source 2 is roughly composed of a 
lamp housing 4, a concave mirror 6, a light permeable member 8, and a 
lamp 10. 

The lamp housing 4 includes a frame part 4A which opens in the 
front and back directior? and sidewall parts 4B connectik9@ to this 
frame part 4A, and it-s-SkaXe is formed of a high heat-resistant member 
having a substantial C-shaped . section. On both sidewall parts 4B 

of the lamp housing A, through-windows 4b (pnly one is. showny) 
corresponding to permeable ports (described late /) of the concave 
mirror 6 are provided. 

The lamp 10, as shown in Fig. 2, is composed of a high 
pressure mercury lamp having a luminous tube lOA made of vitreous 
silica, and housed in the concave mirror 6- Insidethe luminous tube 
lOA, a pair of electrodes (not shown) are pro\j^!d^^^ong an imaginary 
central axial line (lamp optical axis) L of a reflecting part 6C. 
When discharge is performed between these electrodes, a luminous part 
is formed between these electrodes, and light is emitted from the lamp 
10. As the lamp 10, a metal halide lamp, a xenon lamp, or another 
lamp may be used. 

The light emitted from the lamp 10 is reflected at the 
reflecting part 6C of the concave mirror 6, and this reflected light 
exits through the light permeable member 8, 
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The concave mirror 6, as shown in Fig. 1, is attached into the 

lamp housing 4. Further, as showrwin Fig. 2, forward of the concave 

' ) 

mirror 6 (in the light emitt«jd^^^^rection) , an opening part 6A is 
provided. Further, the concave mirror 6 has a space part 6B 
communicating with this opening part 6A. 

The opening part 6A of the concave mirror 6 is closed by the 
light permeable member 8. The light permeable member 8 is formed of a 
high heat-resistant member that is hard. 

For the concave mirror 6, the reflecting part 6C having a 
radial section is provided. the reflecting part 6C.is constituted so 
as to reflect the light emitted from the lamp 10 and emit the 
reflected light nearly in parallel to the imaginary axial line (lamp 
optical axis) L of the reflecting part 6C. Further, for the concave 
mirror 6, a non-reflecting part 6D connecting to the reflecting part 
6C is provided. In the vicinity of the opening part €A of the concave, 
mirror 6, permeable ports 6E, 6F passing through the non-reflecting 
parts 6D are provided. The permeable ports 6E, 6F are arranged, 
nearly opposed to each other with the lamp optical axis L between. In -s. 
a space part 6B of the concave mirror 6, by a not ^ ohown fan< airflow 
from the permeable port ^^^^^ ^^^^ permeable port 6F on the 

other side is faring. To the non-reflecting parts 6D of the concave 
mirror 6, meshes 12 covering the permeable ports 6E, 6F are attached 
by thermosetting adhesive or heat resistant adhesive. It is 
preferable that the adhesive strength of the mesh 12 is set to such a 
level that the mesh 12 does not peel off by collision between the mesh 
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12 and broken pieces of the lamp (glass) made by a burst of the lamp 
10. In the* embodiment, impulse force of the lamp broken piece is 
about 4kg per. the lamp broken piece of 0.2g, and the adhesive strength 
is set to such a level that the adhesive strength can resist this 
impulse force . 

The mesh 12, as shown in Figs. 4(a) and 4(b), is formed of an 
etching mesh made of meta^such as SU^^jid having the high opening 
rate. The opening width of the mesh 12 is set to 0.3 mm or less, and 
its thickness is set to 30 to 50 ^m. It is preferable that the 
opening rate a of the mesh 12 is set to a. value satisfying 70% ^. a ^ 
90%. ffSretJTv ^ood cooling effe>:t and ventilation efficiency in the 
concave mirror 6 /can (he sm?^y obtained. In this case, when the 
opening rate a of the mesh 12 is 70% or more, the desired cooling 
effect and ventilation efficiency can be obtained. On the other hand> 
when the opening rate a of the mesh 12 is 90% or less, mechanical 
strength of the mesh does not esrtremeiy— iQW»s 

In case that the mesh 12 of the high opening rate is used, the 
good cooling effect and ventilation efficiency in the concave mirror 6 
can be surely obtained. Therefore, heat density of the lamp can t>e ^ 
reduced, so thatvhigh luminance and size reduction v i ?hieh rece nt lamps 
iTHituirgK can be met and olortgaLiuu of . Lhiu lifetime of the lamp can be 
realized. 

Further, as the mesh, a cross mesh made of metal,-.^ch as SUS, 
tungsten alloy, or steel; or a cross mesh made of. plastics of 
thermosetting resin may be used. 
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On an- inner surface of the permeable port 6E, 6F, as shown in 
Fig. 3, slits 6di and 662 fl*^ attachi^cr a protective wall 14 ard 
provided. End edges of the protective wall 14 are attached to the 
slits 6di and 6d2 with the thermosetting adhesive or the high heat- 
resistant adhesive. This protective wall 14 is^ in Mhi'ile^ formed of a 
high heat-resistant member comppsed of a thin piece made of SUS or 
synthetic fes^^etc^^^hat is parallel to a back surface of the light 
permeable member 8. The height of the protective wall 14 is set to 
such a dimension that the light emitted from the . lamp is not 
intercepted. Further, the protective 14 ifta^ be attached into the . h 

permeable port 6E, 6F »^ with the adhesive be^by a mechanical meth o^^p^ 
such as forcing. 

The protective wall 14 is arranged in a position where direct . ^ 
collision between the mesh 12 and broken pieces of the lamp manfo by ii 
burst, of the lamp l -Q is prevented. Namely, the protective wall 14 is 
arranged, in the permeable port 6E, 6F, in a portion PI where the mesh 
12 and an extension line ax of an imaginary line a connecting a center 
part O of the lamp 10 (center part of a luminous part formed into the 
luminous tube lOA) and an opening edge Ql near the lamp of the 
permeable port 6E, 6F intersect- Therefore, even i n^ -case — fetea*/^ the 
luminous tube lOA bursts due to increase of vapor pressure during 
lighting of the lamp 10, and the broken pieces of the lamp scatter 
toward the mesh 12, these broken pieces of the lamp are received by a 
back surface of the protective wall 14, so that t^ direct collision 
of the broken pieces of the lamp with the mesh 12 is prevented. 
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Further, also in case that the protective wall 14 is arranged 
on the opening edge Ql side near the lamp of the permeable port 6E, £F 
from the portion PI where the extension line ai and the mesh 12 
intersect, direct collision of the broken pieces of the lamp with 

the mesh 12 can be prevented. 

Further, the protective wall 14 is arranged in a position 
where airo direct collision between the mesh 12 and broken pieces of. 



the lamp that have bounfi by the collision with the light permeable 
member 8 caused by the burst of the lamp .10 io prevented . Namely the 
protective wall 14 is arranged, in the permeable port 6E, 6F, in a 
portion P2 where the mesh and a third imaginary line c that is line- 
symmetrical about a second imaginary line b connecting the center part 
O of the lamp 10 and a position Q2, on the back surface of the light 
permeable member 8, which is distant from a mesh surface by . a half 
length of a total length of the protective wall .14 intersect. Here, 
^^line" of line-symmetry means "an imaginary line on the same plane as 
the second imaginary, line b and the third imaginary line c, which is a 
normal line passing the intersection point Q2, on the back surface of 
the light permeable member 8, of the second imaginary line b and the 



third imaginary line c". Therefore, in — i ^am that the lamp broken 
pieces that have scatteredj^ collidej^ with the light permeable member 8 
and boun&ed, these lamp broken pieces are received by a front surface 
of the protective wall 14, so that/^^^irect collision of the lamp 
broken pieces with the mesh 12 is prevented. 
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Further, also i<\ caaa thQ €^ the protective wall 14 is arranged 
on the light permeable member 8 side of the portion P2 where the third 
imaginary line c and the mesh 12 intersect, direct collision 

between the mesh 12 and the broken pieces of the lamp that have bounjjcj 
by the collision with the light permeable member 8 can be prevented. 

As described above, in the fembodiment, fctfe direct collision of 



the lamp broken pieces with the mesh 12 can. be prevented by the 
protective wall 14. Therefore, a mesh having fetfe comparatively high 
opening rate can be used, and tW^ood cooling effect and ventilation 
efficiency in the concave mirror 6. can be obtained. 

Herobyr ^eat density of the lamp 10 can be reduced, so that 
high luminance and size reduction which recent lamps require can be 

\<^o \^ 

met and elu^i'ydLiuii ' ul Lhu lifetime the lamp 10 can be realized. 

Further, since the good cooling effect and ventilation 
efficiency can be obtained, the blowing amount to the lamp 10 by the 
cooling fun can be reduced. Therefore, the number of revolutions of 
the cooling fan can be reduced, so that the noise made by the -cooling 
fan can be reduced. 

A-2 . (Embodiment 2 y^Cjo^f^ 

Fig. 5 is a sectional view showing a Baai^i^portion of. a light 
source according to a second Embodiment of the invention. 
Fig. 6 is an exploded perspective view showing an attachment state of 



a protective wall and an auxiliary protective wall in the light source 
according to the second Embodiment of the invention. In Figs. 5 and 
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6, the same members as those in Figs. 2 and 3 are denoted by the same 

reference numerals, and their detailed description i^omitted. 

In the. first (embodiment, the protective wail 14 is provided in 

the position where it is possible to prevent, both lamp broken pieces 

that have scattered toward the mesh 12 and lamp broken pieg^^ that 

have collided with the light permeable member 8 and brourvGed^ from 

directly colliding with the mesh 12. On the contrary, the light 

source shown in this Embodiment is ciluifn^ii I nr I /P^l^^te- that: a protective 

wall 14 is provided in a position where it is possible to prevent. lamp 

broken pieces that have scattered toward a mesh 12 from directly 

colliding with, the mesh 12; and further, an auxiliary protective wall 

protectii^ the mesh is arranged in a position where the direct 

collision between the mesh and the lamp broken pieces scattering due 

to the burst of the lamp and the lamp broken^ieces that have collided 

O 

With a light permeable member and l6oun^^ft^ is prevented. Other 



: onotj:<^ution ic similar to that in the first /embodiment . 



As shown in Fig. 5, a light source 50 in this >^mbodiment 
includes a concave mirror 52, a light permeable member 8 and a lamp 
10. 

On an inner surface of a permeable port 6E, 6F of the concave 
mirror 52, as shown in Fig. 6, slits 6di, 6d2 attach^^ the 

protective wall 14 and slits 6d3, 6d4 attachM^ the auxiliary 

protective wall 54 are provided. 
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The height dimensions af the protective wall 14 and the 
auxiliary protective wall 54 are set to such a dimension that the 
light emitted from the lamp is not intercepted. 

End edges of the protective wall 14 are attached into the 
slits 6di and 6d2 with a thermosetting adhesive or a high heat- 
resistant adhesive. This protective wall 14 is^- in vgliulo>/ formed of a 
high heat-resistant member composed of a thin piece made of SUS or 
synthetic resv^^^^c^th is parallel to a back surface of the light 
permeable member 8. Further, the protective wall 14 is arranged in a 
position where direct collision between the mesh 12 . and broken pieces 
of the lamp made by a burst of the lamp 10 is prevented. Namely, the 
protective wall 14 is arranged, in the permeable port 6E, 6F, in a 
portion PI where the mesh 12 and ah extension line ai of an imaginary 
line a connecting a center part O of the lamp 10 and an opening edge 
Ql near the lamp of the permeable port 6E, 6F intersect- Therefore, 
even in ease thax a luminous tube lOA bursts due to increase of vapor 
pressure during lighting of the lamp 10, and broken pieces of the lamp 
scatter toward the mesh 12, these broken pieces of the lamp are 
received by the protective wall 14, so that direct collision of 

the broken pieces of the lamp with the mesh 12 is prevented. 

End edges of the auxiliary protective wall 54 are attached to 
the slits 6d3 and 6d4 with the thermosetting adhesive or the high 
heat-resistant adhesive. This auxiliary protective, wall 54 is>. ift 
wholo>«/ formed of a high heat-resistant member composed of a thin piece 
made of SUS or synthetic resin that is parallel to the back surface of 
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the light permeable member 8. Further, the auxiliary protective wall 
54 is arranged in a position where t!^e direct collision between the 
mesh 12 and the broken pieces of the lamp made by the burst of the 
lamp 10 is prevented. Namely, the auxiliary protective wall 54 is 
arranged, in the permeable port 6E, 6F, in a portion P3 where the mesh 
12 and an extension line di of a fourth imaginary line d connecting 
the center part O of the lamp 10 and a leading end Q3 of the 
protective wall 14 intersect. Therefore, even m — eaao thef t the 
luminous tube lOA bursts due to increase of vapor pressure during 
lighting of the lamp 10, and. the broken pieces of the iamp scatter 
toward the mesh 12, these broken pieces of the lamp are received by a 
back surface of the auxiliary protective wall 54, so that t)!(e direct 
collision of the broken pieces of the lamp with the mesh 12 is 
prevented. 

Further, also in case that the auxiliary protective wall 54. is 
arranged , on the protective wall 14 side of the permeable port .6E, 6F 
from the portion P3 where the second extension line di and the mesh 12 
intersect, direct collision of the broken pieces of the lamp with 

the mesh 12 can be prevented. 

Further, the auxiliary protective wall 54 is arranged in a 
position where t^ diriect collision between the mesh 12 and the l,amp 
broken pieces that have collided with the light permeable member 8 due 
to the burstT^f the lamp and bounded canibe £Is^ prevented. Namely, 
the auxiliary protective wall 54 is, in the permeable ports 6E, 6F, in 
a portion P4 where the mesh 12 and a seventh, imaginary line f that is 
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line-symmetrical about a sixth imaginary line e connecting the center 
part O of the lamp 10 and a position Q4, on the back surface of the 
light permeable member 8, which is distant from the mesh surface by a . 
halt length of a total length of the auxiliary protective wall 54 that 
is closest to the light permeable member 8 intersect. Here, ^'line" of 
line-symmetry means *^an imaginary line on the same plane as the sixth 
imaginary line e and the seventh imaginary line f, which is a normal 
line passing the intersection point Q4, on the back surface of the 
light permeable member 8, of the sixth imaginary line e and the 
seventh imaginary line f". Accordingly, . also 3Ma^gg55 L ii jl thiB lamp 
broken pieces that have scattered collide with the light permeable 
member 8. and bound, these broken pieces of the lamp are received by a 
front surface of the auxiliary protective wall 54, so tha ^ t^ ^ 
collision of the broken pieces of the lamp with the mesh 12 is 
prevented, ^ 

Further, also in oaco thif^the auxiliary protective wall 54 is 
arranged on the light permeable member 8 side of the portion P4 where 
the seventh imaginary line f and the mesh 12 intersect, t^ direct 
collision between the mesh 12 and the lamp broken pieces that have 
collided with the light permeable member 8 and bounded can be 

prevented. ^^^^t/^^^"^ 

As described above, in they/ embodiment, by the protective wall 
14 and the auxiliary protective wall 54, tJrc direct collision of the 



lamp broken pieces with the mesh 12 can be prevented, so that 
similar effect to that in the firsy embodiment can be obtained. 
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A-3 . /Embodiment 3 x^VP^Y \ ju-C^ 

In the second embodiment - (Figs. 5 and 6), aajtt £vi uuhliLh the 
ja nnbnr o fe the auxiliary protective wall^ is o««- 

However, as shown in Fig. 7, plural auxiliary protective walls 82, 84 

may be provided on a light permeable member 8 side of a protective 

wall 14 in parallel. This /embodiment is different from the second <z-^toci<>o/t<>/ 

embodiment in that the plural auxiliary protective walls 82, 84 are 

provided. Other c ouuLlLuLlijii ' iru similar to that in the second ^>='**Wwy 

embodiment. Fig. 7 is a sectional view showing a main portion of a 

light source according to a third /embodiment . In Fig. 7, the same 

members as those in Fig. 5 are denoted by the same reference numerals, 

and their detailed description La omitted. . 

As shown in Fig. 7, a light source 70 in this/ embodiment 
includes a concave mirror 72, a light permeable member 8 and a lamp 
.10. 

The auxiliary protective walls 82 and. 84 are arranged in 
positions where direct collision of lamp broken pieces made by a burst 
of the lamp 10 with a mesh 12 is prevented. Namely, the auxiliary 
protective wall 82 on the protective wall 14 side is arranged, in 
permeable port 6E, 6F, in a portion P3 where the mesh 12 and an 
extension line di of a fourth imaginary line d connecting a center 
part O of the lamp 10 and a leading end Q3 of the protective wall 14 
intersect. Further, the auxiliary protective wall 84 on the light 
permeable member 8 side is arranged in a portion P5 where the mesh 12 
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and a fifth extension . line ki of a twelfth imaginary line k connecting 
the center part O of the lamp 10 and a leading end Q5 of the auxiliary 
protective wall 82 intersect. Therefore, even ifi U'Ji>u Lhxrc a ixminous 
tube lOA bursts due to increase of vapor pressure during lighting . of 
the lamp 10, and the broken pieces of the lamp scatter toward the mesh 
12, these broken pieces of the lamp are received by back surfaces of 
the auxiliary protective walls 82 and 84, so that direct collision 

of the broken pieces of the. lamp with the mesh 12 is prevented. 

Further, the auxiliary protective wall 84 pn the light 
permeable member 8 side is arranged in a position . where t^ direct 
collision between the mesh 12 and the broken pieces of the lamp that 
have bbunfl by^the collision with the light permeable member 8 due to 




the burst* of the lamp 10 can be also prevented. Namely, the auxiliary 
protective wall 84 is arranged in a portion .P6 where the mesh 12 and a 
fourteenth imaginary line n that is line-symmetrical about a. 
thirteenth imaginary line m connecting the center part O of the lamp 
10 and a position Q6, on the back surface of the light permeable 
member 8, which is distant from the mesh 12 surface by a half length 
of a total length of the auxiliary protective wall 84 intersect. 
Here, ^'line" of line --symmetry means "an imaginary line on the same 
plane as the thirteenth imaginary line m and the fourteenth imaginary 
line n, which is a normal line passing the intersection point Q6, on 
the back surface of the light permeable member 8, of the thirteenth 
imaginary line m an^ the fourteenth imaginary line n". Therefore, 
even in eaaa — bhat/ ^ che broken pieces of the lamp that have scattered 
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collide with the light permeable member 8 and boun^l, these broken 
pieces of the lamp are received by a front surface of the auxiliary 
protective wall 84, so that t"^ colii-^ion of the broken pieces of the 
lamp with the mesh 12 is prevented.. 

As described above, alo e " in caco th^ t the plural auxiliary 
protective walls 82 and 84 are /provided, tfife direct collision of the 
broken pieces of the lamp with the mesh 12 can be prevented, so that 
frb^ similar effect to that in the< first/embodiment can be obtained. 
fW4 



-4. /Embodiment 4 V'^^^^i:^^<>^"^ 

*itL* ^he first to third /embodiment s/^'^aT in which the 



protective wall 14, and the auxiliary protective wall 54, 82, 84 are 
formed separately from the concave mirrors 6, 52, 72^ haj boian 
llUoUiitwiUj However, they may be integrally formed. 

Fig. 8 is a vi^aT^ showing, as one. example, a state where the 
protective wall 14 and the auxiliary protective walls 54 in the second i 
embodiment are formed integrally with the concave mirror 72.. In this 
case, manufacture of the protective wall 14 and the auxiliary 
protective wall 54 is performed simultaneously with manufacture of the 
concave mirror 72. HrtrnhyL. ^mpared with the case in which the 
protective wall and the like are manufactured separately from -the 
concave mirror 72, a manufacturing cost can be reduced. 

In the first/emSodiment and the third /embodiment, r»J r n in Piajre 
tl - Aofe the protective wall 14 and the auxiliary protective walls 82, 84 
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are 



/formed integrally, with the concave mirror 6 or 12, -Uj^similar 



effect can be obtained. 

A- 5- Embodiment 5 C^^^^^^ 

*5nThe first to third /embodiments, the protective wall 14 and the 
auxiliary protective walls 54, 8.2, 84 are attached in the grooves €di 
to. 6d4 . of the concave mirrors , 6, 52, 72. However, they may be 
provided for the concave mirror via an attachment spacer. 

Fig. 9 is a showing, as one example, a state where the 

protective wall 14 and the auxiliary protective wall 54 in the second eb*^ 
embodiment are arranged in the permeable port 6E in the concave mirror 
via an attachment spacer 88. F fe g cby , ^t is not necessary to form the 
attachment part such as the groove 6di to Sd^ in the concave mirror in 
order to attach the protective wall 14 and the auxiliary protective 
wall 54 to the concave mirror (inner surface of the permeable port 
6E), so that the manufacturing cost can be reduced, 

In the first /embodiment and the third /embodiment , also in cas c T 

. tsbat the protective wall 14 and the auxiliary protective walls 82, 84 
are/^^ached to the concave mirror 6 or 72 via the attachment spacer. 



similar effect can be obtained... 

A-6. ^Embodiment 6 dJ^i^^'^^ 

In the first to fifth /Embodiments, the protective wall 14 is 
parallel to the light permeable member 8. However, " by inclining this 
protective wall in relation to the back surface of the light permeable 
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member 8, it is possible to g*-wfe a function as a rectifying wall of 
air flowing into the concave mirror 6 to the protective wall 14. 

Fig- 10 is a c ^uyiJm showing, as one example, a state where 
the protective wall 86 in the constitution of the second rembodiment is 
inclined, as the rectifying wall, in relation to the back surface of 
the light permeable member 8. In this case, airflow is guided into 
the concave mirror 72 along the protective wall 86. R^ mh ^ ^ool wind 
flowing from the outside of the concave, mirror 72 through the 
permeable ports 6D, 6E into the concave mirror 72 can be rectified. 

In other /embodiments, alco in aooo th ar the protective wall 14 
is (inclined in relation to the back surface of the light permeable 
member 8, similar effect can be obtained. 



B . f^mbodiment of Projector 

Fig. 11 is a plan view showing an example in whict^^^the^^^^ht 
sources 6, 50,. 70 according to the first to sixth /embodiments 
described above are applied to a projector. In Fig. 11, a projector I 

rtjpror-gr il m l i i f i iii ~i il l 1 includes an illuminating opti<:al 

system 100, a color separation optical system 200, a relay optical 
system 300, three electro-optic modulating elements 400R, 400G, 400B, 
a cross dichroic prism 500, and a projecting lens 600. The components 
of each optical system are arranged nearly in the horizontal 
direction, centering around the cross dichroic prism 500. 

Under the above constitution, the light emitted from the 
illuminating optical system 100 is separated, into light of each color 
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of red R, green G, and blue B, and these color lights are respectively 
guided to light bulbs 400R, 400G, 400B to be modulated according to 
image signals- Thereafter, . each color light is compcunded- by the 
cross dichroic prim 500, enlarged by the projecting lens 600, and 
displayed on a screen. The constitution and functions of otheJD- 
optical systems /4han the light sources 6, 50, 70 h aye - been rin^rrj ^r/ l" ^^^^^^^ 
in JP-A-10-17715.1. 

The illuminating optical system 100 includes the light sources 
6/ 50, 70 in the first to s ixth /embodiment s . Therefore, according to 
the projector 1 in this /embodiment , high luminance and tpj§ size 

reduction w hlUi — the — rroen/ lamps isoquAra can be met, and 
cln ng g rMnn nf th- lifetime uJ tV i P 1 nmr can be realized. 

Further, according to the projector 1 in the/embodiment , flow 
path resistance of ventilation to the lamp can be reduced. Therefore, 
the number of revolutions of the cooling fan can be reduced, and the 
noise can be reduced, increasing the cooling performance. 

In the /embodiment, a case in which the light source of the 
invention is applied to the three-plate type projector using the three 
electro-optic modulating elements is described. However, the 

invention can be applied also to a projector having one, two, or four 
or more electro-optic modulating elements. 

Further, as the electro-optic modulating element, various 
element,«r>uch as a liquid crystal panel and a modulation element in 
which a pixel is composed by plural mirro^ can be used. 



29 



No- 

Further, ^ the projector /' ^UicuL arc a front type projector in 
which a projected image is observed from the same direction as a 
direction in which an image is projected, and a rear type projector in 
which a projected image is observed from the opposite direction to a 
direction in which an image is projected. The light source of the 
invention can be applied to any tj 
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